collected using a dynamic resolution in about 240 sec. The catalyst samples in form of fine pellets (75 -125 μm) were supported by a quartz wool inside quartz tubes (250 mm length, 4 mm i.d., 5 mm o.d., with 20 mm of a flattened to a thickness of 0.25 mm "window" in the middle). Schematics of the setup and the applied reactors are shown below:
Schematics of the setup used for the operando XANES analysis
The evolution of benzene formation was followed by mass-spectrometry (Pfeiffer ThermoStar instrument). The recorded XANES spectra were normalized with Athena, an interface of IFEFFIT package. The edge energy positions were defined as the energy at half of the normalized edge step.
Ar physisorption. Textural properties were analyzed by Ar physisorption, which was carried out at -186 °C using a Micromeritics ASAP-2020 apparatus. The samples were outgassed at 400°C and 5 μbar pressure overnight prior the measurements. The microporous volume was determined by the t-plot method in a thickness range from 3.5 to 4.5 Å.
Fourier-transform infrared (FTIR) spectroscopy. The acidity of the catalysts was characterized by pyridine adsorption followed by FTIR spectroscopy. The spectra were recorded in the range of 4000 -400 cm -1 , using a Bruker Vertex 70v spectrometer. The samples were pressed to obtain self-supporting wafers (~10 mg/cm 2 ), which were placed in a controlled-atmosphere cell. After evacuation, the sample was kept at 550 °C for 2 h under vacuum to remove absorbed species. A background spectrum was measured at 150 °C in vacuum. Pyridine was dosed to the sample until saturation was reached. Spectra were then recorded at 150 °C after evacuation at 350 °C for 2 h.
Magic-angle spinning nuclear magnetic resonance (MAS-NMR).
Nuclear magnetic resonance (NMR) spectra were recorded on an 11.7 T Bruker DMX500 NMR spectrometer operating at 500 MHz for 1 H and 125 MHz for 13 C. The MAS NMR measurements were carried out using a 4 mm MAS probe head with sample rotation rate of 10 kHz. 1 H NMR spectra were recorded with a Hahn-echo pulse sequence p1-τ-p2-τ-aq with a 90° pulse p1 = 5 μs and 180° p2 = 10 μs at τ = 2.5 μs. The interscan delay was set to 120 s for quantitative spectra. Chemical shifts were calibrated using the 1 H signal of tetramethylsilane. Quantitative 13 C spectra were recorded using the high-power proton decoupling direct excitation (HPDEC) pulse sequence with an interscan delay of 20 s. Two-dimensional 1H-13C{1H} heteronuclear correlation (HETCOR) was recorded with a ramped contact pulse of 3 ms and an inerscan delay of 2 s. During the acquisition, 1 H heteronuclear decoupling was applied using the spinal-64 pulse scheme. Figure S3 . Dependence of total amount of converted methane on coke selectivity, summarized for all experiments reported in Tables S1-S4. Dashed line is a power fit, with four points (10 bar, 750 °C; 10 bar, 800 °C; 1 bar 600 °C; 1 bar; 800 °C) omitted.
Comparison of coke selectivity and total catalyst productivity, expressed in mmol of converted methane per gram catalyst, shows a smooth reciprocal dependence of the two parameters. It is clear that lower coke selectivity leads to a higher overall conversion capacity, since the micropore space of zeolite is limited, and faster growth of coke leads to a faster blockage of the pores and decreased formation of volatile hydrocarbons.
From this correlation we conclude that the properties of coke (mainly its density and location inside the pores) do not change significantly in a range of tested pressures, catalyst compositions and space velocities. Few outlying points are related to the experiments performed at high (750°C -800°C) and low (600°C) temperatures. At high temperature extensive growth of graphitic carbon on the external surface explains the increased methane conversion capacity. At low temperature less condensed polyaromatic species are likely formed, leading to a lower overall density of coke and, therefore, a lower necessary amount of carbon to block the pores completely. Fugure S9. The proposed ideal three-dimensional structure of carbon formed inside the MFI pores in a periodic 2x2x1 MFI supercell (a). In (b) and (c) the linear acene-like and [5]phenancene-like segments in the straight and sinusoidal channel, respectively. A pyrene-like moiety in the intersection is seen as a potential candidate to connect the acene and phenacene species (d).
The proposed coke structure and selected segments are displayed in Fig. S9 . A periodic box of 2x2x1 MFI unit cells is shown which holds the 3D carbon structure. Along the straight channel, linear acenes are formed (Fig. S9b ) which are interconnected via [5] phenancene-like species located in the sinusoidal channels (Fig. S9c) . In the intersection, pyrene-like structures can exist (Fig. S9d) and connect the acene and phenancene moieties. We note that the pyrene-moiety suffers from severe angular distortions. However, at the operating conditions of 700 °C significant molecular motions will take place which affect the dynamical conformation of both the coke structure and that of the zeolite matrix. The observed, sharp angles are thus considered reasonable. Furthermore, even if the pyrene moiety does not form the connection point, then [5]phenancenes or pentacenes can fill the sinusoidal pores and yield a total carbon loading similar to the experimental value of ~240 mg coke /g zeolite .
